Abstract Preparation of the CaTi4(PO4)6-type glass-ceramic materials by controlled crystallization of calcium-titanium borophosphate glasses was studied in the compositional series of 50CaO-10B2O3-40P2O5+xTiO2 (x=0-56 mol% TiO2) and 30CaO-30B2O3-40P2O5+xTiO2 (x=0-24mol% TiO2) . The glasses crystallize under heating within the temperature region of 700-800•Ž and the surtace nucleation mechanism prevails in all the TiO7-doped glasses over the internal one. The major compounds formed by crystallization were CaTi4(PO4)6 .
INTRODUCTION
Glasses and glass-ceramics are used for a long time in various biomedical applications for the repair and reconstruction of diseased or damaged parts of the human body.Calcium phosphate based materials belong to the candidates for these applications, because their properties and chemical composition can be adjusted to resemble the mineral phase of bone . For compatibility of materials with bones is important to consider a balance between their degradation rate and the b one remodelling.
It is known that by modifying the composition of phosphates , their degradation rate can be controlled and reduced . Chemical durability of phosphates can be considerably improved for example by the incorporation of some met allic oxides such as TiO2, ZrO2, Al2O3 , Fe2O3 or ZnO [1] [2] [3] [4] into the glass network. The addition of these oxides can also improve other properties of the phosphate glasses and gl asseramics, e.g. thermal, mechanical and optical properties 15 .61. It was found that suitable properties for biomedical applications has also Cal-4 4(PO4)6 glass-ceramics.
a T i4(PO4)6 has a three-dimensional network structure composed of TiO 6 octahedra and O 4 tetrahedra [7] . The preparation of microporous glass-ceramics with a skeleton Ti 4(PO4)6 by controlled crystallization of CaO-TiO2-P2O5 glasses and subsequent acid leaching was studied in papers [8 ,9] . This contribution deals with the preparation of porous CaTi4(PO4)6-based materials by crystallization of CaO-TiO2-B2O3-P2O5 glasses and the subsequent leaching of the crystallized samples with mineral acids . identified by X-ray powder diffraction analysis with Bruker D8 Advance diffractometer . crystalline samples crushed and sieved on the mean diameter of 1 .6 mm were subsequently leached with aqueous solutions of 1M HCl or 1M HNO3 at the room temperature for 7 days. The specific surface area of the samples after leaching was measured on Micromeritics surface analyser , type 2200. The microstructure of the leached samples was also investigated by scanning electron microscope JEOL 5500 .
RESULTS

AND DISCUSSION
Calcium-titanium borophosphate glasses in two compositional series (A) 50CaO-10B2O3-40P2O5+xTiO2 and (B) 30CaO-30B2O3-40P2O5+xTiO2 prepared by the procedure described were obtained as homogeneous glasses in the series (A) for x=0-56 mol% TiO2 (x=0, 8, 16, 32, 48, 56) and in the series B for x=0-24 mol% TiO2 (x= 0, 8, 16, 24) . The colour of the TiO2 doped glasses changed slowly with increasing TiO2 content from clear to yellowish and brown. The yellowish up to brown colour of the glasses can be ascribed to the presence of Ti 3+ ions in the glasses [10] .
The chemical durability of the Ca borophosphate glasses without TiO2 is low , especially of the starting glass of the B series with composition 30CaO-30B2O3-40P2O5 FIGURE 1. Changes in the conductivity of the water extract of powder samples of the glass series 50CaO-10B2O3-40P2O5+ xTiO2 (A) and 30CaO-30B2O3-40P2O5+xTiO2 (B) with the composition and duration of leaching.
with a higher amount of B2O3. With increasing TiO2 content in both series of glasses their chemical resistance against distilled water significantly increases . The change in the solubility with increasing TiO2 content is more pronounced in the glass series B than in the glass series A (see Fig.1 ). All the obtained glasses were annealed above the crystallization temperature to study the possibility of the formation of the NASICON-type compound CaTi4(PO 4)6 FIGURE 2. DSC curves of the samples of glass series 50CaO-10B2O3 -40P2O5+xTiO2 (A) .
(abbreviated CTP). X-ray diffraction analysis revealed that all the TiO2-doped samples contain the CTP phase, the amount of which increases with increasing TiO2 content . Fig. 3a shows some examples of powder XRD patterns of the crystallized samples of the glasses series B. In this figure an increasing amount of CTP phase is reflected by an increasing strength of its diffraction lines. The other crystalline phases revealed in the samples were Ca2P2O7, BPO4 and TiO2 phases (anatase and brookite) found in the sample with the highest TiO2 content. XRD patterns of the crystalline samples of the series 50CaO-10B2O3-40P2O5+ xTiO2 (A) were similar, but beside the above given phases also the lines of Ti2P2O7 and Ca3(PO4)2 compounds were found in some samples. unleached samples (Figs. 3a) indicate that the acid selectively dissolves particularly Ca2P2O7 and brookite form f TiO2, leaving a skeleton of CaTi4(PO4)6. Similar results were obtained with HNO3. Worse solubility in both acids was found for BPO4 and anatase form of TiO2.
The weight losses of the crystallized samples due to acid leaching decreased with increasing TiO2 content as the amount of insoluble CTP phase increased. In this way a porous material was formed. Its specific surface area, S, decreased with increasing TiO2 content (see Fig. 4 ) in the compositional series 50CaO-10B2O3-40P2O5+xTiO2 from the value of 16.7 m 2.g -1 (for x = 8 mol% TiO2) to 10.5 m 2.g -1(for x= 56) and in the compositional series 30CaO-30B2O3-40P2O5+xTiO2 from the value of 17.3 m 2.g -1 (for x =8) to 6 .4 m 2.g -1 (for x=56). Almost the same values of the specific surface area were obtained also after leaching with 1M HNO3. The microstructure of leached samples was verified also by scanning electron microscopy. Figure 5 shows SEM photographs of the leached samples of 50CaO-10B2O3-40P2O5+56TiO2 (Fig.5a ) and 50CaO-10B2O3-40P2O5+32TiO2 (Fig .5b) . It can be seen that the sample with lower TiO2 content , which has also a higher content of leachable phases, reveals after leaching a higher porosity and simultaneously also a higher specific surface area than the sample with higher TiO2 content . CONCLUSION This study showed that by controlled crystallization of calcium-titanium borophosphate glasses it is possible to obtain CaTi4(PO4)6 crystalline phase . The amount of the CTP phase increases with increasing content of TiO2 . The solubility of the TCP phase in aqueous solutions of HCl or HNO3 is very low , therefore the other phases can be selectively leached with these acids leaving a skeleton consisting mostly from CaTi4(PO4)6. By the acid leaching a porous material is formed , the specific surface area of which decreases with increasing TiO2 content. The optimal relations between the amount of CaTi4(PO4)6, the leachability of the other phases and surface area of the remaining skeleton with TCP phase were found for the sample with the composition of 30CaO-30B2O3-402O5+32TiO2.
